ABSTRACT: Chicken feet can be used as an alternative source of collagen for the development of new products. In this sense, the aim of this study was the production of a product similar to gelatin from collagen extracted from chicken feet and the evaluation of sensory quality. The products were produced in two distinct flavors, with grape flavor called GU and pineapple flavor called GA. Subsequently, we compared these formulations with gelatin of a trademark established in the market. We used in the verification of sensory acceptability of products a hedonic scale of 9 points and the availability of consuming the product by 30 untrained tasters. According to the results, all formulations showed good levels of acceptability, indicating the collagen from chicken feet as an alternative source of high quality in the production of gelatin.
INTRODUCTION
According to FIORELLI et al. (2010) the broiler industry in Brazil has shown strong growth regarding to productive and commercial factors, standing out in the international market since 1995 with higher rates of growth in production and worldwide export. This led Brazil in 2004to hold the position of world's largest exporter in that year. This position is maintained until the present time, with an annual production of 3.8 million tons in 2010, and the forecast for 2011 is to surpass 4 million tons (AVISITE, 2011; NASCIMENTO et al., 2011; SALGADO & NAAS, 2010) .
The southeast region of Brazil is the second major producer region in the country, with 28% of housed birds, especially in the state of São Paulo, with 18% (NASCIMENTO et al., 2011; SALGADO & NAAS, 2010) . Great part of the destination of export of chicken meat is countries with specific requirements of housing, related to the welfare of the birds (FURTADO et al., 2010; OWADA et al., 2007) .
The per capita consumption of chicken meat has increased significantly in recent years, from 29.9 kg in 2000 to 38.1 kg in 2009. This increase in consumption due to lower product price and technological gains (UBA, 2009) , generates a large amount of underutilized housing components. The waste and effluents from the production chain of meat and products of poultry, cattle and swine production have high polluting power and if arranged in inadequate methods, generate serious environmental problems that lead to degradation of soil, surface and ground water environments, and health problems and death of living beings, by the presence of pathogenic microorganisms and animals and poisonous insects (ABREU NETO & OLIVEIRA, 2009; SILVA & ROSTON, 2010; OLIVEIRA 2009a and 2009b; MATOS et al., 2010; ORRICO JUNIOR et al., 2010a ).
An alternative to reduce the environmental impacts caused by incorrect disposal is the treatment and/or reuse of these wastes (PADILHA et al., 2006) . Recent researches mention the reuse of poultry litter and carcass composting for obtaining humus (ORRICO JUNIOR et al., 2010b) . In general, biodigesters are used to degrade wastewater from swine (ORRICO JUNIOR et al., 2010a) or cattle raising (XAVIER &LUCAS JUNIOR, 2010), which can be used to generate methane gas to be used as fuel and mud that can be used as organic fertilizer (humus).
Similar to other agricultural activities, the poultry production generates a large amount of waste that, if well managed, could become not only an important source of income and add value to the activity, but also a sustainable production model that is increasingly becoming a requirement of the market. Therefore, the adoption of a system of waste treatment is necessary in order to avoid possible contamination of the environment (ORRICO JUNIOR et al., 2010a and 2010c) .
The waste may contain many substances of high value. If appropriate technology is employed, this material can be converted into commercial products or raw materials for secondary processes (GIRAÇOL et al., 2011) . In this sense, many food residue before disposed of as useless substances currently are transformed into products of wide commercial acceptance. According to ROQUE & SELL (2009) an alternative to reuse waste is to develop new products that use or give them a nobler destiny, with more commercial value. Alternative ways of recycling or reuse of solid waste should be searched. For this purpose, new technologies are been developed, such as the use of different materials to cover the installations (FIORELLI et al., 2010) , improvement of animal's food quality (EYNG et al., 2011; MINAFRA et al., 2010; NASCIMENTO et al., 2009 ) and the use of biogas for heating of poultry houses (SANTOS et al., 2007) . ORRICO JUNIOR et al. (2010c) investigated the technical feasibility of using anaerobic digestion to treat waste from poultry litter and carcasses of pre-composted poultry.
Thus, the raw material that is considered a waste in some areas, in other areas is the base of traditional byproducts with added value potential. We mention some Asian countries, where chicken feet are considered a delicacy, but in Brazil, it is one of the poultry cuts that consumers are less interested (PADILHA et al., 2006) . Thus, the selling of a ton of chicken feet is below 1.00 R$/t. These characteristics of the domestic market are crucial to set your low sale value (MFRURAL, 2010) . With the increasing world population, it is necessary to search for alternative food as a way to meet the demand. However, to achieve their goals, these alternative sources should not only contain nutritious food produced in large scale and low cost but also provide good sensory characteristics (COSTA et al., 2008) .
The development of new food products is been investigated through the discovery of new food sources or reuse of byproducts or waste. To this end, in addition to the sensory aspects, nutritional aspects should be taken into account, so that they can meet any vitamin or minerals need without a rejection of the product by the consumer. In this context there are the so-called functional foods (BARIMALAA & OKOROJI, 2009; LENTZ, 2008) .
Regular consumption of gelatin is good for the human tissue, because collagen is responsible for cicatrization and tissue regeneration. In the case of hair and nails, collagen forms a matrix where the minerals are attached to keep them strong, durable and bright. For the skin, the nutrient offers more elasticity, besides being an excellent ally for people with low calorie diets due to high contents of protein containing no fat and carbohydrates. Collagen has lots of water, which helps give sense of satiety after eating. For these reasons gelatin is always present in hospital diets (ALMEIDA et al., 2012; ROMAN et al., 2009; SCHUMANN et al., 2008) .
The gelatin can be extracted from skin or bones of animals after acidic or basic pretreatment (KASANKALA et al., 2007) . The use of unconventional hides of animals slaughtered for commercial purposes has been disseminated in the country. Among the types of hides used, stands out the fish skin and hides of ostrich paws. Thus, SILVA et al. (2009) developed a model that calculates the surface area of chickens to enable scaling of the hide and hence its commercial viability.
ALVES & PRUDÊNCIO-FERREIRA (2002) extracted collagen from chicken skins and feet. The yield of dehydrated collagen material was about 16% relative to the weight of skins and tendons "in natura", and can be used in the production of edible gelatin. In Brazil, gelatin is produced in abundance and at low cost (OSAWA et al., 2009) , based on 2004 data, it is estimated that the worldwide market for gelatin moves more than U$ 2 billion per year (LIMA et al., 2008) . Gelatin is widely used in food, cosmetics and pharmaceuticals industry, being produced in large scale and relatively low prices, thereby justifying the great interest in their use due to their multifunctional properties: ability to form stable and reversible gels (SEGTNAN & ISAKSSON, 2004) .
Most commercial gelatins are derived from mammalian sources, mainly pigs and cattle, but due to sociocultural restrictions (Islam and Judaism) and the frequent occurrence of diseases such as bovine spongiform encephalopathy, which cause problems for human health, end up limiting the use of products derived from mammals for processing of functional foods, cosmetics and pharmaceuticals (ALMEIDA et al., 2012; CHO et al., 2005) . Thus, we can affirm that there is a growing interest in developing alternative sources of raw materials as the use of chicken feet and fish byproducts.
The search for alternative sources to obtain gelatin is also an environmental issue, as one of the most important problems of leather industry is the generation of waste. In the treatment of bovine hide for the production of gelatin, a solution of caustic soda is used to dissolve undesirable organic substances such as fats and proteins, and there is a concern to prevent its disposal as effluent (LIMA et al., 2008) .
This search for new agents of gelification to replace gelatin of mammals guided various researches on different raw materials, such as gelatin of marine origin (fish skin, bones and fins) (HAUG et al., 2004) , and other studies that focus on the extraction and classification of gelatin from fish (ANERSEN & GILBERG, 2007; GOMEZ-ESTACA et al., 2009 ), but it is a little used source since according to ARNESEN & GILDBERG (2007) nowadays, the production of fish gelatin is only 1% of the entire annual production of gelatin in the world.
However, alternative sources should not only contain nutritious food produced in large scale and low cost but also provide good sensory characteristics (COSTA et al., 2008) . In this sense, it appears that two factors prevail in the purchase decision of the consumer: price and quality. Knowing that one of the parameters of food quality is sensory, the importance of the methods of sensory analysis is reinforced, and this tool is increasingly used in the food industry (ROMAN et al., 2009) .
In this context, the aim of this study was to obtain a product similar to gelatin using collagen extracted from chicken feet and evaluate their sensory qualities comparing them with a trademark.
MATERIAL AND METHODS

Development of gelatins
The raw materials used in processing of the product similar to gelatin were freshly slaughtered chicken feet from the IFMT -Campus of São Vicente. The production of gelatin using chicken feet is a relatively quick and easy process, but it needs a lot of care during handling, considering that is a product from raw material that is an optimal culture medium for the development of microorganisms. Therefore, the adoption of Good Manufacturing Practice is essential for the safety of the final product.
First, the chicken feet were washed, the nails removed and washed again with cold water to remove any residues of dirt. After, they were submitted to the cooking in heating mantle (model 102, Fisatom, Brazil) at a temperature of 120ºC for 20 minutes, then following the sequence in Figure 1 . After cooking, the resulting liquid portion, composed of collagen, fat and water, was separated, filtered in cotton and the sample was placed in a glass recipient being subjected to cooling at room temperature. After cooling, the fat accumulated on the surface due to the lower density, facilitating its separation with the aid of a spoon and later disposal. The mixture of 500ml of collagen and water was placed in a stainless steel recipient and heated together with 200g of sugar and additives. Two samples of product similar to gelatin were prepared from the collagen of chicken feet named GA and GU. The GA sample was made with pineapple flavor and the sample called GU with grape flavor.
In the GA sample we added yellow pigment and pineapple essence, as well as ascorbic acid, citric acid and potassium sorbate preservative. In the GU sample we added 0.5g of potassium sorbate preservative and 10g of SIBER® (grape flavor), the composition included pigments, starch, acidifiers, acidity regulator and antiwetting agent. The commercial gelatins used for the comparison were of the trademark Dr. Oetker® grape flavor (GUC) and pineapple flavor (GAC).
Sensory Evaluation
The sensory evaluation was performed by 30 untrained tasters of both sexes, aged between 15 and 25 years. The analyses were conducted in individual booths in the Sensory Evaluation Laboratory (LASA) of the IFMT -Campus of São Vincente. The samples, cooled at a temperature of about 15ºC, were served in disposable plastic cups in amounts of about 5mL, coded, and the order was of random presentation (ALMEIDA et al., 2008 , ALMEIDA et al., 2012 .
The tasters had at their disposal a glass of water that was used to rinse the mouth between the analyses of the samples. The answers were recorded on standardized forms describing the intensities of the sensations that the food caused on the evaluators, both in standard hedonic scales. They evaluated the attributes color, flavor, aroma, texture and the availability in consuming the product, using the affective test with structured hedonic scale of 9 points, ranging from 1-I dislike extremely to 9-I like extremely to the questions color, aroma, flavor and texture and the test of predisposition to consumption with scale of 1-not to consume to 6-consume everyday (ALMEIDA et al., 2008 and ANDRAE-NIGHTINGALE et al., 2009; MADRONA et al., 2009; SANTANA et al., 2010; STERN JR et al., 2007; SILVA et al., 2010) .
From the relative values of acceptability, we could infer the preference, i.e., the most accepted samples are the most preferred and vice versa. The results obtained from the questionnaires were tabulated, in view of the frequency of responses using tool as the statistical analysis of variance and the t-Student test, as ALMEIDA et al. (2010), FREIRE et al. (2009) and SANTANA et al. (2010) . Table 1 shows the yield of extracted material from chicken feet. As seen, the material that can be used in the production of gelatin is about 36% of the total weight of chicken feet used. Thus, 1.0t of chicken feet acquired can get up to 355.4kg of collagen, which is a pretty significant income, especially considering that 1.0t of raw material is purchased for only R$ 1.00 (MFRURAL, 2010). Table 2 shows the mean values of the sensory analysis of the product similar to gelatin of collagen from chicken feet and the commercial sample. Analyzing the averages, it appears that the commercial gelatin showed values close to or above 8, for all sensory qualities, indicating that most of the tasters said they "loved" this gelatin. As for the gelatin of collagen from chicken feet the values varied close to 7, indicating that most of the tasters said they "liked" this product.
RESULTS AND DISCUSSION
The statistical analysis by t-Student showed no significant differences between the samples for flavor and texture qualities. However, significant differences between the color and the flavors of the samples were observed, and the commercial gelatin stood on the gelatin obtained from collagen of chicken feet; although it did not disqualify the gelatin, as its value exceeds the scale of "like moderately". Although not significant, we assumed that this small difference in attribute "texture" means is due to the fact that the experimental grape gelatin presented a more consistent texture than the products available in the market, causing some weirdness to the consumers accustomed with the products of lower consistence. Which can be seen by the amount of water present in the samples, since a larger amount of water in the composition makes the product less consistent than others. Figure 2 shows the sensory values of the samples in GU and GUC in hedonic graphic scale to a better understanding of the results, showing that the averages distance themselves only for values of taste, agreeing with the statistical analysis. Figure 3 presents the responses to the availability to consume the gelatin samples obtained from the sensory test responses. We can notice that the values assigned by the tasters for consume intentions of formulation GUC were slightly higher and showed a lower rejection of their consumption relative to the values obtained for the GU formulation. To the intention "consume occasionally" the experimental gelatin formulation (GU) stood out with 26.6% while the commercial gelatin (GUC) showed 16.6% of the frequency of the assigned values. However, over 83% of the evaluators said they had intention to consume the product similar to gelatin obtained from collagen of chicken feet (GU), indicating that this can also be commercialized, as its acceptance was high.
FIGURE 3. Frequence of the attributed values in availablity to consume the product. Table 3 shows the mean values obtained in the sensory analysis of collagen chicken feet gelatin (GA) and commercial sample (GAC), flavored with pineapple. According to the results obtained in the hedonic scale test of the gelatin samples, we did not observed difference at 5% of significance between samples for aroma, taste, color and texture. However, analyzing the obtained averages, it appears that for flavor and color the experimental pineapple gelatin presented slightly higher averages indicating classification between "like moderately" and "like extremely", while for flavor and texture the commercial gelatin showed slightly higher averages with classification obtained between "like slightly" and "like moderately". The same consideration made above for the GU sample in the small difference found in the attribute "texture", can be considered for the GA sample, which also presented less consistence than the commercial sample GAC. Figure 4 shows the sensory values in hedonic graphical scale to the better understanding of the results. We found that the frequency of the values assigned by the tasters for experimental gelatin was slightly higher in the classifications of "consume occasionally" and "consume whenever possible" where the formulation of experimental pineapple gelatin (GA) stood out with 16.6% and 26.6% respectively, while the commercial gelatin (GAC) showed 6.6% and 23.3% of the frequency of the values assigned respectively. In general, as the results obtained in the formulation of grape gelatin, about 83% of the tasters assumed the intention to consume the product similar to gelatin with pineapple flavor (GA), demonstrating good product acceptability.
According to ALVES & PRUDÊNCIO-FERREIRA (2002) , the raw material used to obtain the gelatin is rich in protein and minerals, which makes it a very nutritious food. Table 4 gives a comparison between the experimental and commercial samples of gelatins, with respect to its chemical composition. The comparison of the values for the constituents of chicken feet collagen gelatin (GU and GA) with the commercial gelatin (GUC and GAC) shows that the quantities of proteins of the first are 4 times greater than of the second, which demonstrates an extremely higher quality of the gelatin obtained in this study, compared to the commercial one. Thus, the daily consume of a gelatin obtained from chicken feet would be equivalent to the consumption of four commercial gelatins, maintaining the same nutritional properties of protein. Final considerations:
-the cost to obtain the raw material is irrelevant, since 1.0t cost only R$ 1.00;
-the raw material receives a nobler destiny;
-increase the profits of industries that produce chicken meat and thus improve the quality of life of surrounding communities; -as 1.0t of chicken feet generates 355.4kg of gelatin (dry) and the current gelatin packages are commercialized with 45g (DR OETKER BRAZIL, 2010), we can say that 1.0t of raw material produce 7,898 packages of gelatin, with the same R$ 1.00 spent on their acquisition; -the methods and equipment used to obtain the current gelatins would not be modified; -avoid additional costs for implementation of new techniques and equipment and the training of personnel (GELITA, 2010); -the obtainment of gelatin from chicken feet is more hygienic than obtaining gelatin from animal hides such as pigs and cattle; -this product has no rejection like those derived from cattle or pigs regarding the Islamic and Jewish communities (ALMEIDA et al., 2012; CHO et al., 2005) ; -from the marketing point of view, mention that the product is obtained from chicken feet is much better than mention that the gelatin is obtained from bovine or pig hides, because it would have a better acceptance of audience.
CONCLUSIONS
The products similar to gelatin obtained from chicken collagen have no significant differences regarding the commercial gelatins for the flavor and texture attributes.
The majority of the tasters approved the gelatins obtained from collagen of chicken feet, rating them between "like" and "like moderately", while over 80% said they would consume this product. The levels of protein and sodium of the gelatin from chicken feet collagen outcome in four times the levels of the commercial gelatin levels, indicating superiority in its chemical quality comparing to the commercial one.
